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INTRODUCTION.
It is quite generally known that the specific resis­
tance of a solution varies with the temperature, the amount 
of salt or acid in solution, and the current density; but at 
the present time there is but very little data obtainable up­
on these features of the behavior of liquids.
It is often the case that a resistance of some kind 
is greatly desirable, if not absolutely necessary; and as 
liquid rheostats may be quickly and cheaply constructed, they 
are being universally adopted, both for tempoary and permanent 
service in electric lighting and power work.
The fluid in a liquid theostat consists of a mix­
ture of water and some salt or acid, which is added to vary 
the specific resistance. As the range obtainable by this pro­
cedure (in the case of an ordinary rheostat) extends from a 
fraction of an ohm, to several hundred dims, the flexibility 
of the device is obvious, and it is practicable to prepare 
a liquid resistance to suit any condition, by varying the den­
sity of the solution.
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As in most other things, it depends upon the purpose 
for which the resistance is needed, just how it had best be , 
made. The usual liquid resistance is not a steady resistance.
It does not fluctuate up and down, but it will not stay at any 
one value for any length of time under a heavy current. It is, 
if made properly, most readily adjustable, and with at all 
careful handling, satisfactory results may be obtained. The 
change of resistance is due to several facts. First, the rise 
in temperature of the solution, and second, electrolytic action. 
Sinee the primary function of a rheostat is to absorb electrical 
energy, and any loss of electrical engrgy gives rise to heat, 
it is plain that the temperature of the liquid must vary in 
proportion to the amount of energy absorbed.
The electrolytic action increases the amount of salt 
held in solution by the water, and as the resistance varies with 
the amount of salt held in solution, it is obvious that this 
action will alter the specific resistance of the solution.
Liquid rheostats are much more satisfactory for alter­
nating than direct currents. The electrodes and solutions are 
practicably free from decomposition, and being wholly non-in­
ductive and without appreciable capacity, they provide an ex­
cellent means of loading an alternate to be tested.
A liquid rheostat, as usually constructed, consists 
of two metal plates or electrodes partially immersed in the
fluid, one of which is connected to the positive and the other 
to the negative lead, and one or both plates adjustable so as to 
vary the distance between them. The most common method is to 
mount one of the plates on a carriage, which moves along the 
top of the vessel containing the liquid. Another form consists 
of two electrodes which are suspended in the liquid, and are 
adjustable so as to vary the extent of immersion. The method 
of lifting the plates, of course, depends upon conditions, size 
of plates, etc. As a rule a block and fall is very convenient 
and cheap.
Liquid resistances are very often temporary devices, 
and therefore barrels, pails, etc., are pressed into service.
In cases where the apparatus is to be used for a few moments 
only, and the voltage is not dangerously high, a metal vessel 
is very convenient and satisfactory, the vessel itself consti­
tuting one terminal, the other being suspended therein. How­
ever, in any case the arrangement should be such as to prevent 
the electrodes touching, since the sudden removing of the 
resistance f -om the circuit might result disastrously. The 
electrodes should be identical as to material, so as to reduce 
electrolytic action as much as possible. The proper shape and 
size of these electrodes depend upon the volumne of current to 
be ...sent through the device. For large currents and low voltage 
the area of the plates should be large and vice versa.
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APPARATUS.
The rheostat used in these tests was a long wooden box- 
made of 2" planed pine boards, and was 10" x 10" x 48", internal 
measurements, and firmly bolted together to prevent warping of 
the sides, thus insuring a constant cross-sectional area of the 
liquid. At one end of the box was placed the stationary plate 
which consisted of a piece of boiler plate 10" x 10" x l/4", and 
firmly clamped to the end of the box. The other plate was sus­
pended from a movable carriage which traveled on the top of the 
box. This is illustrated on Plate 1 a. The distance between 
plates was measured by means of a meter rod fastened tod along 
the side, of the box and a pointer fastened to and carried by 
the movable plate. In this box were placed the various solu­
tions to be tested.
The instruments used for direct currents were of the 
Weston and Whitney type, being: Weston volt-meters, 0-15-500, 
0-75-600 and 0-150-600: Weston am-meters 0-15, and Whitney am­
meters 0-50.
The alternate current.instruments used were Weston 
volt-meters 0-60-120, Weston an-meter 0-25, Hoyt am-meter 0-10.
A Cardew volt-meter, and a Kelvin electrostatic voltmeter.
The density of the solutions we^e measured by means of 
specially constructed hydrometers, five in number, having a 
total range of from 1.00 to 1.21 and graduated to read to thou-
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sandths. These hydrometers were graduated as follows
#1 from 1.00 to 1.045.
#2 ft 1.045 ft 1.085.
#3 ft 1.085 ft 1.125.
#4 ft 1.125 if 1.155.
#5 ft 1.155 ft 1.210.
The temperature was measured by means of a m ercury 
thermotieter graduated from 0 to 180® C.
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METHOD OF TESTING.
Direct Currents.-- - The method of measuring the resis­
tance was by sending a current through the device, and measuring 
the voltage and current by means of volt meters and am-meters. 
Then by Ohm's lav C- E/R or R = E/C, and knowing E and C, R q»ay 
be com uted.
The various solutions were placed in the rheostat 
which was connected in series with an auxiliary resistance, an 
am-me ter and a source of E, M. F. while a volt meter was placed 
across the electrodes. (see plate 1).
The cross section of the liquid was kept constant at 
413 sq. cms., and the current density was varied from .0121 to 
.121 amperes per sq. cms. The temperature of the solution was 
carefully noted at time of each re-ading.
Two kinds of tests were made on each solution: lst,- 
a calibration test across the entire length of the rheostat to 
determine if the specific resistance was constant for different 
lengths of solutions. 2d.- A temperature test was conducted 
for one hour, and readings of volt-meter, am-meter and tempera­
ture taken every ten minutes.
From the data obtained as above, curves'were platted 
showing the variation of the resistance with distance between 
electrodes for each solution, as well as curves showing varia­
tions of resistance with temperature and temperature rise with
t ime.
The voltage was obtained from a storage battery for 
currents up to fifteen amperes and for currents above fifteen 
amperes, an Edison 6 K. W. 125 volt direct current generator 
was used.
Alternating Currents. - The same tests were made 
with alternating currents upon the same solutions. The connec­
tions were made as in (Plate 2). The voltage was obtained 
from a transformer in this case, and the instruments used were a 
Weston alternating volt-meter, and Whitney and Hoyt am-meters. 
Curves were platted in a similar manner to those where direct 
cu:rents were used.
Several tests were made upon the rheostat to determine 
if there was an appreciable capacity effect. This was done by 
taking E. M. F. and current curves from the rheostat. A known 
current was sent through the rheostat which was connected in 
series with a non-inductive resistance. The curves of E. M.F. 
and current were obtained by taking the instantanteous values 
(tlirough a complete cycle) of the pressures across the rheostat 
and non-induetive resistance respectively. This was accomplished 
by means of a revolving contact maker and an electrostatic volt 
meter as shown on Plate 3. Slanted across the E. S. V. was a 
condenser to act as a reservoir and steady the voltage across the 
E. S. V. The condenser in series with the E. S. V. was used be­
cause the scale on the E. S. V. was accurate only for readings
between 50 and 120 volts, and by means of a switch in the cir- 
cuit the voltage could be made to either aid or oppose the vol- 
tageacross the resistance measured. Then when the voltage from 
the main circuit was too small or too large the voltage from 
the generator was made to aid or oppose it, and thus the needle 
on the E. S. V. could be kept on the scale. When the voltage was 
acting with, as it was in this experiment, the ttftte reading id 
the reading.of the E. S. V. minus that in the condenser circuit. 
The condenser in series was charged by means of a Weston 125 
volt generator.
The contact maker consisted of a needle fastened to a 
wooden disk which rotated with the shaft. The needle was con­
nected to a ring on the shaft upon which a brush pressed.
The contact was made by triis needle cutting a stream of 
salt water which was projected through a directly in the
path of the needle. The contact was made through the needle, 
water and nozzle and from the nozzle around through the circuit 
and back to the brush. This nozzle was connected to a graduated 
disk, so that the contact could be made at any position of the 
armature in its revolution.
The machine used was a Thomson- Houston 18 K.W. 1000 
volt, ten pole alternator. As there were ten poles, every four 
degrees on the* disk represents tvuity degrees on the E. M. F. 
waves. Then platting true readings' as ordinates and angular 
positions as absciss, e the E. M. F. wave was obtained.
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To obtain the current wave the pressure terminals were 
changed from the rheostat to the non-inductive resistance. As 
the current that flows through the non-inductive resistance is 
the same as that which flows through the rheostat, and as its 
E. M. P. wave must be in phase with the current, we can obtain its 
E. M. P. wave experimentally, and from this we can readily ob­
tain the current wave if we know the value of the non-induc­
tive resistance. If the current and the E. M. F. waves are in 
unison, there is no capacity effect. But if they are out of 
step and the current waves leads the E. M. F. wave then there 
is a capacity effect, which is measured by the amount of angu­
lar advance.
-
.
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Discussion of Experimental Work.
DIRECT CURRENT TESTS.
Salt Solution. (Sp. Gr. 1.05). - A solution of salt 
and pure water, having a density of 1.05 was placed in'the 
rheostat. The depth of the solution was 16 eras., and the width 
of the solution was 25.8 Cms. First,- a current of 5 amperes 
was sent through the solution, and the distance between the 
plates was varied gradually from 3 to 117.5 cms., which were the 
extreme ranges of the device. The voltage and temperature was 
noted at each step. Then the current was allowed to flow through 
the rheostat for one hour, readings of voltage and temperature 
being taken every ten minutes.
From the curves platted and shown on Plate 4a, we see 
that the increase of resistance with distance between plates rose 
quite gradually, in fact along a straight line for all the cur­
rent densities except for .121 which was somewhat irregular.
These curves show that specific resistance remains practically 
constant for all lengths.
In Pldte 4b- is shown the decrease of resistance 
wi’th temperature rise. These curves show a gradual decrease 
of resistance with rise of temperature, and that the decrease 
of resistance is greater at low than at high temperatures. It 
dropped off from 4.27 ohms at 15* C . to 1.35 ohms at 90° C.
The rise of temperature with time is shown in Plate
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4c. These curves show a rapid, rise for the first 30 minutes, 
then they rise less rapidly, being nearlt horizontal lines at 
the end of the hour. The temperature rise in one hour varies 
from .5°C for current density of .0121 to 53°C for current 
density of .121 amperes per sq. cm.
Salt Solution. (Sp. G-r. 1.10) . - Plate 5a shows that 
the specific resistance for each current density is quite constan 
throughout the entire length of the rheostat. It varies from 
2.24 ohms for current density of .0121 to 1.684 ohms for current 
density of .121 amperes per sq. cm. Plate 5b shows a variation 
of resistance from 1.56 ohms at 19°C to .85 ohms at 70°C.
These curves show a gradual decrease of resistance with rise of 
temperature. Plate 5c show's a rise of temperature inoone hour 
of 43 for current density of .121 and .5 0 for current density 
of .0121 amperes per sq. cm. These curves show that the tem­
perature is nearly constant at the end of one hour.
Sait Solution. (Sp. Or. 1.15). - The calibration 
curves for this solution are shown in Plate 6a. These curves 
are in each case straight lines. The resistance varies from 
1.59 ohms to 2.075 ohms for current densities of from .121 to 
.0121 ampei'es per sq. cm. In Plate 6b we see that the decrease 
in resistance from 13*0 to 60° C is from 2.8 ohms to .8 ohms 
and that the decrease is quite gradual. We see from Plate 6c
-n.that the rise of temperature for the smaller current densities is 
quite constant but for a current density of .121 the rise is
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less toward the end. of the hour.
Salt Solution. (Sr. Or. 1.20-. - For this specific 
gravity we see that the resistance is quite small, and as shown 
in Plate 7a that the specific resistance is quite constant for 
all positions. The decrease in resistance with rise in temper­
ature is not quite so regular as in former cases, as shown by 
Plate 7b. The rise in temperature with time as shown by Plate 
7c is nearly constant throughout the hour. The curves being 
straight linos in each case.
Comparison of Salt Solutions. - It will be noticed ------- --— ---------- -----
that in all the salt solutions the variation of resistance with 
temperature was nearly constant, in fact they vary along a 
fairly smooth curve. The specific resistance of each solution 
varies with the current densities, being highest for the low 
current densities and vice-versa. The specific resistance of the 
solutions decrease as the density.of the solution increases as 
shown by Plate 9. This curve decreases quite rapidly from 17.58 
ohms at a density of 1.025 to 7.525 for a density of 1.10 and 
then slowly falls off to 4.873 ohms at a density of 1.20.
The temperature rise gradually falls off as the density 
increases, due to the less resistance. The rise of temperature 
was more sonstant for the denser solutions, since the resistance 
and hence the heating effect was less, and that it took a .longer 
time for the solution to reach such a temperature that the heat
was radiated from it at the same rate that it was generated.
Copper Sulphate Solution, (sp. Gr . 1.05). - Tests 
similar to those made upon salt solutions were made upon Copper 
Sulphate solutions. The resistance was so great that the maxi­
mum current-density obtainable was .0365 amperes per sq. cm.
Plate 10a shows the calibration curves which are quite 
constant for curves 1 and 3, but 2 is somewhat irregular. This 
irregularity may be due to incorrect reading of the instruments, 
or to imperfection in the regulation of the generator. The
variation of resistance with temperature is shown in Plate 10b. 
These curves show the variation to occur along an almost straight 
line. The range of variation being from 16.45 ohms at 17°C to 
10.65 ohms at 50°0. The rise of tempera ure for this solution 
is almost steady throughout the hour. The curves turn over 
slightly at about 45 minutes in each case.
Copper Sulphate Solution.- (Sp. Gr. 1.10) . - For this 
solution the calibration curves are straight lines except for 
the first few points. The variation resistance with tempera­
ture, and the temperature rise with time are shown in Plates
iSlib and 11c. The temperature rise quite steady for the first
then
30 minutesin each case,it gradually decreases until at the end 
of one hour it is nearly a horizontal line. Plate 12 shows 
the variation of specific resistance with current density.
These curves also show a decrease of the specific resistance 
with the increase of current density. This is probably due 
to the rise in temperature caused by an increase of current.
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Comparison of Copper Sulphate Solution. - V/e see 
that for all the Copper Sulphate solutions that the variation of 
resistance with temperature is about the same. But the rise 
in temperature in a given time decreases as the specific gravity 
of the solution increases. Plate 9 shows a gradual decrease of 
the specific resistance as the specific gravity increases.
It begins at 76.5 ohms for specific gravity of 1.025 and falls 
off along a regular curve to 20.5 ohms at a specific gravity 
of 1.125.
Sodium Carbonate Solution. (Sp. Gr. 1.05).- These
tests were made in a similar manner to those preceeaing. Plate
15a shows the calibration curves for this solution, and they all
*follow the same general form, but each one is somewhat irregular 
The variation of resistance with temperature is shown in Plate 
13b. Curves 1, 2 and 5, show a gradual decrease which is simi­
lar for each, but curve 4 shows a smaller decrease of resistance 
for a given rise of temperature. In all other solutions the 
reverse was found to be true, (i.e. the decrease was greatest 
for the larger current densities). Plate 13c shows that the 
temperature is almost constant in each case at end of one hour.
Sodium Carbonate Solution. (Bn. Gr. _ 10) . - For
this solution the calibration curves are straight lines rising 
gradually from lowest to highest values, as shown by Plate 14a. 
The variation of resistance with temperature shown in Plate 14b 
shows that the decrease of resistance with temperature rise is
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the same for all the current densities. The various curves
being almost one continous curve. The use of temperature with 
time is quite constant for the first 30 minutes, and then is 
not quite so rapid till at end of one hour is almost constant.
Comparison of Sodium Carbonate Solutions. - The var­
iation of specific resistance with current density is quite 
regular for the solution having a specific gravity of 1.10, 
but is quite irregular for specific gravity of 1.05, as shown 
in Plate 15. Plate 9 shows the variation of specific resis­
tance with specific gravity of the solution. This variation 
occurs along a smooth curve, being quite rapid up to a speci­
fic gravity of 1.075 and from there to 1.125 is much more slowly.
General Discussion. - Prom the curves we see that 
for a given specific gravity Copper Sulphate solutions have 
the greatest resistance and Salt has the least. Sodium Carbon­
ate shows the most constant variation of resistance with dis­
tance between plates while Copper Sulphate has the least con­
stancy. Salt shows the least variation of resistance with 
current density and Copper Sulphate the most. Sodium Carbonate 
shows the least rise of temperature for a given amount of ener­
gy absorbed. This is probably due to the formation of -a scum 
on other solutions, and this prevents the radiation of heat 
generated.
The Sodium Carbonate solutions, taking everything 
into account, shows the most satisfactory conditions to be ob­
tained. It shows the least variation of resistance with temper­
ature rise, and the least temperature rise for a given amount 
of energy absorbed. But it has a greater variation of resist­
ance with current density than Salt.
Alternating Current Tests.
General Discussion.- Plates 16a and 16b show the 
calibration and rise of temperature for the various solutions, 
both for direct and alternating currents. These curves show that 
practically the same resistance is obtained in each case, and 
that there is no appreciable capacity effect. The temperature 
rise for alternating currents is not quite so large as for 
direct currents. This can be accounted for* in that there is 
an absence of any great amount of electrolytic action and the 
solution is free from the scum that collects on the surface of 
the liquid where direct currents are used, hence the heat radi­
ated from the surface is probably greater.
Capacity Effects. - Plate 13 shows the E. M. P. and 
current waves for a solution of Sodium Carbonate. The current 
wave leads the E. M. P. wave by an angle of about oP , thus 
showing that there is a very slight capacity effect. But this 
effect will not alter the working conditions of the rheostat, 
to any appreciable extent, since the power factor is above,995.
EXPERIMENTS ON SIZE OP PLATES
Several tests were made with different sizes of plates. 
In doing this a small rheostat was used. This rheostat consisted 
of a glass jar, 7 l/4" x 7 1/4" and 10" deep. Lead electrodes 
were used. First a current was sent through it and current 
of voltage read. Then the siz e of plates reduced and same 
readings taken again, etc.
Plate 17 shows the effect of altering the terminal 
area of electrodes immersed. These carves show a rapid decrease 
until the are submerged is about one half the area of the cross 
section of the liquid. Prom this point on up to an area equal 
to that of the liquid there is but very little variation.
CONCLUSIONS-. -
Prom the proceeding tests the following conclusions 
were arrived at:
1st. That the specific resistance of .solutions in 
general decreases as the specific gravity increases.
2d. The watts absorbed increase as the specific 
gravity decreases, assuming the currents constant.
3rd. The specific resistance decreases as 'the temper­
ature increases, the variation being greatest at low and least 
at high temperatures.
4th. In using a liquid rheostat for testing alter­
nates, the capacity effects of the rheostat may be neglected
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in most case since the power factor would probably lie between 
.99 and 1.00.
5th. The resistance varies with the terminal area of 
plates submerged, and the area of plates should be at least one- 
half that of the cross section of the liquid.
METHOD OF COMPUTINGJTHE SPECIF!C RESISTANCE.
Since the resistance of any conductor varies directly 
as the length and inversely as the area, knowing the resistance 
for a given.-length and area we nay compute the resistance for 
any other length and area.
Let R. be the resistance for length L, and Area A, of 
liquid. And let it be required to find the resistance for another 
length/.2 and Area A?.
Then R2- R, x A, xl 
t, x A*. ‘ '
But as the specific resistance is for a cube having 
unit sides then Z* and A, drop out of the above equation.
Example:- To compute the specific resistance of a 
Salt Solution having specific gravity of 1.2. The resistance 
at 20 C for a total length of 117.5 cms. between plates and an 
area of 413 sq. eras. is.-1.381 ohms.
Then the specific resistance equals 1.381 x 413
117.5 equals
*4.873 ohms per cu. era.
EXAMPLE OF RHEOSTAT CALCULATION.
Suppose the problem is to compute the dimensions of 
a rheostat to absorb a given amount of energy; Let this be 50 
amperes at 100 vol.ts, and the solution to be used a Salt solu­
tion. If we use a solution having a low specific gravity, it 
will require a very large cross sectional area in order to give
R50 ampere3 at 10P vol$s; with the plates at a safe distance apart. 
Let us take a solution having a specific gravity of 1.15.
Then from the curves we seo the specific resistance 
per cu. era. for a current density of .121 amperes per sq. crn. is 
5.360 ohms. The dro] . CR“ 5.369 x .121-.65 volts per cm.
of length. And the total- length must be 100/.65-154. cms.
The cross section of the liquid must be in order to 
give the chosen current density, 50/.121*413 sq. cms. on a box 
16x25.8 cms.
This would give a rise of temperature of about 40°C 
in one hour. If it is desired to keep the resistance more con­
stant, the cross section must be increased, and hence the current 
density decreased. This would give a larger radiating surface 
and since the current density is decreased the heating effect 
will be reduced.
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(Sp. Or. 1.05.
SALT
Our. Den
SOLUTION. 
. .0242. Am.Per. sq. C .  M . )
List, between
Plates C. M .  s . Volts. Resist. Watts. Temp.
3 1.75 .35 8.7 15* C4 1.95 .39 9 . 7 If5 2.1 .42 10.5 fl
7 2.42 .484 12.1 If
10 ,2.92 .584 14.6 fl15 3.78 .756 18.9 fl20 4.6 . 9 2 , 2310 fl
30 6.3 1.26 31.5 ft
40 8.0 1.6 40.0 ft50 9.75 1.95 48.7 fl60 11.75 2.35 59.7 fl
70 13.75 2.75 68.780 15.25 3.05 76.2 fl
90 16.75 3.35 83.7 If100 18.53 3.71 92.6 II110 20.31 4.06 101.5 fl117.5 21.5 4.3 107.5 II
Time
’ inutes. Volts. Resist. Watts. Temp.
0 21.5 4.3 107.5 1510 21.5 4.3 107.5 x520 21.4 4.28 107.0 15
3 0 21.35 4.27 106.7 15.2540 21.32 4.264 106.6 15.50
5 0 21.3 4.26 1 0 6 . 5 15.50
6 0 21.2 4.25 106. 15.50
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>SALT SOLUTION.
(Sp. (Jr. 1.05. Cur. Den . .0242. Am . per. sq. C. M .)
List . be tween
KLates C.M.s. Volts. Resist. Watts . Temp .
3 2.5 .25 25.0 16° C4 2.88 .288 ft5 3.25 .325 28.8 fl
7 4.00 .40 32.5 ff
10 5.00 . 5 40.0 ff
15 6.75 .675 50.0 ff20 8.38 .838 67.5 f!
30 11 . 62 1.162 83.8 ff
40 15.12 1.512 116.2 ff
50 18.38 1 . 838 151.2 ff
60 21.69 2.169 183.8
70 25.0 2.5 216.9 ff
80 28.4 2.84 250.0 f!90 31.88 3.188 284.0 M
100 35.12 3.512 318.8 ft
110 38.38 3 . 838 351.2 ft
117.5 40.62 4.062 383.8
406.2
! ime -
Minutes . Volts. Resist. Watts . Temp .
0 40.62 4.062 406.2 16.0
10 40.62 4.062 406.2 16.0
20 40. 4.0 400.0 16.5
30 39.5 3.95 395.0 17.540 38.75 3.875 387.5 19.0
50 38.10 3.81 381.0 19.25
60 3 7.7 3.77 377.0 19.50
SALT SOLUTION.
(Sp. Gr. 1.05. Cur. Ben. .0363. Am. per. sq. C. W.)
Bis. between
Plates C.M.s. Volts. Resist. Wat os. Temp.
5 2.81 .137 42. 17 ° 0 .
4 3.25 .216 49. ft5 3.75 .25 56. f!
7 4.75 .316 71. 17.25
10 6.25- .416 94. ft
15 8.75 .583 131. 17.5
20 11.25 .75 169. ft
30 16. 1.066 240. fl
40 20.62 1.375 309. 18.00
50- 25.38 1.672 380. ft
60 30.25 2.016 454. 18.25
70 35. 2.333 525. 18.50
80 42.25 2.816 634. 18.. 50
90 49.5 3.3 743. 18.50
100 51.9 3.46 779. 18.75
110 54.38 3.62 815. 19.
117.5 5 7.75 3.85 866. 19.
Time -
Minutes. Volts. Resist. Watts. Temp.
0 57.75 3 .8 5 8 6 6 . 19
10 5 5 .75 3 .716 8 3 6 . 21
20 5 2 .12 3 .4 7 5 782 . 23
30 5 0 . 3 . 333 7 5 0 . 26
40 4 8 .1 2 3 . 208 721 .9 28
50 46.75 3 .1 16 3 0 1 . 30
60 45 .75 3 .0 5 6 8 6 . 3 1 .
SALT SOLUTION.
(Sp. Gr. 1.05 Cur. Den. .0605. Am. per. sq. C. M.)
Bis. between
Plates C.M.s. Volts. He s i s t. Watts. Temp.
3 3.25 .126 81.25 25° C4 4.00 .16 100. ft
5 4.75 119 118.75 ft
7 5.62 . 225 140.5 ft
10 8. .32 200. 25.5
15 10.75 .43 264.8 ft
20 13.75 .55 343.8 tt
30 20. .80 500. 26 .40 26.50 1.06 662.5 26.25
50 32.75 1.31 818.8 ft
60 33.87 1.515 971*. 8 26.5
70 45. 1.8 1125. 27.
80 51.25 2.05 1281.3 27.5
90 5 7.50 2.3 1437.5 27.75
100 63.62 2.545 1590.6 It
110 69.75 2.79 1743.8 28.
117.5 74.38 2.9 75 1859.5 28.
Tirae
Minutes. Volts. Resist. Watts. Temp.
0 74.38 2.975 1859.5 28
10 68.12 2.725 1703.0 3220 62.75 2.51 1568.8 36
30 59.38 2.375 1484.5 40
40 56.25 2.25 1406.2 43
50 33.88 2.155 1347.0 45
60 51.75 2.07 1293.8 46
-24-
SALT SOLUTION
(Sp. Gr. 1.05. Cur. Den. .121. Am. per. sq. C .
Dis. between
Plates C.M.s. Volts. Re sist. Watts . Temp.
3 6 . .12 300 16° C4 7-.5 .15 375 175 9. .18 450 187 11.5 .23 5 75 2010 16. .32 300 2215 21.5 .43 1075 2320 28.5 .57 1425 2430 42. .84 2100 2540 55. 1.1 2.750 2650 65.5 1.31 3275 2760 77.75 1.555 3887 27.570 90 1.8 4500 2830 96.25 1.925 4812 28.590 102.5 2.05 5125 30100 110.5 2.21 5525 82.5110 118.0 2.36 5900 33117.5 124. 2.43 6200 34
Time
Minutes. Volts. Resist. Watts. Temp.
0 124. 2.48 6200 3410 104.5 2.09 5225 4820 91. 1.82 4550 5930 83. 1.66 4150 6840 77. 1.54 3850 7650 73.5 1.47 3675 8260 70.5 1.41 3525 87M70 67.5 1.35 3375 91.
SALT SOLUTION.
(Sp. Gr. 1.10. Cur. Pen . .0121. Am. per. s q . C .
Pis. Between
Plates C.M.s. Volts. Resist. Watts. Temp.
3 1.25 .25 6.2 20*C4 1.34 .268 6.7 ff5 1.375 .275 6.9 ff
7 1.54 .308 7.7 ft10 1.8 .36 9.0 ff
15 2.25 .45 11.2 ff20 2.7 .54 13.5 ff
30 3.6 .72 18  : o ff
40 4.38 .876 21.9 ff
50 5.32 1.064 26.6 ft60 6.18 1.236 ■30.9
70 7.05 1.41 35.2 ff
30 7.90 1.58 39.5 ff
90 3.75 1.75 43.8 ff100 9.68 1.936 48.4 ff
110 10.62 2.124 53.1 ff
117.5 11.15 2.23 55.8 ff
Time
Minutes. Volts. Re s i s t. Watts. Temp.
0 11.15 2.23 55.8 2010 11.15 2.23 55.8 2020 11.14 2.228 55.7 2030 1 1 . 1 2 2.224 55.6 2040 11.10 2.22 55.5 20.550 11.10 2.22 55.5 20.560 11.10 2.22 55.5 20.5
-26-
SALT SOLUTION.
(Sp. Gr. 1.10 Cur. Pen. .0242. Am. per. s q. C . M . )
J)is. be tween
Plates C.M .s. Volts. Resist. Watts. Temp.
5. 1.6 .16 16. to o 0 O4 1.78 .178 17.8 ft
5 1.95 .195 19.5 t7 2.3 .23 23. n10 2.82 .282 28.2 ft
15 3.65 .365 36.5 t
20 4.52 .452 45.2 t
30 6.25 .625 62.5 t
40 8.00 .800 80. ft
50 9.75 .975 97.5 ft
60 11.41 1.141 114.1 ft
70 13.075 1.307 130.7 ft
80 15.28 1.528 152.8 ft
90 17.5 1.75 175.0 f
100 19.00 1.90 „ 190.
110 2Q . 25 2.025 202.5 rt
117.5 21.5 2.15 215.0 n
Time -
Minutes. Volts. Resist. Watts. Temp.
0 21.5 2.15 215. 20 .
10 21.5 2.15 215. 20.5
20 21.25 2.125 212.5 21.
30 20.94 2.094 209.4 22.40 20.63 2.063 206.3 23.
50 20.30 2.03 203. 23.5
60 20.08 2.008 200.8 • 24.
SALT SOLUTION.
(Sp. Gr. 1.10. Our. Pen. . 0363. Am. per. sq. C. M
Dis. between
Plates C.M.s. Volts. Resist. Watts. Temp.
3 2. .133 30. 16°C.
4 2.375 .152 35. f t
5 2.75 .183 41. f f
7 3.31 .221 50 . 16.5
10 4.25 .283 64. f t
15 5. .333 75. ft
20 6.08 .459 103. 16.75
30 9.88 .659 148 f f
40 12.75 .85 191. 17.00
50 15.5 1.033 232. ff
60 17.12 1.141 257. 17.25
70 20.75 1.303 311. 17.25
80 23.65 1.576 355. 17.50
90 26.56 1.838 398. ff
100 29.33 1.959 440. 18.00
110 32.2 2.146 483. f f
117.5 34.0 2.266 510. I f
Time
Minute s. Volts. Resist. Watts. Temp.
0 34. 2.266 510 18.
10 33. 2.2 495 18.75
20 32.12 2.141 482 2 0 .
30 31.37 2.091 470 2 1 .
40 30.75 2.05 461 21.75
50 30.3 2 . 0 2 455 O  O  p  R
60 29.85 1.99 440 23.
SALT SOLUTION.
(Sp. Gr. l.io. Cur. Den. .0605. Am. per. s q. C. M . )
Dis. between
Plates. C.M.s. Volts. Resist. Watts. Temp.
3 2.5 .1 62 21°C.4 3. .12 75 ff
5 3.38 .135 84 ft7 4.12 .165 103 21.25
10 5.25 .21 131 21.50
15 7.25 .29 181 ft
20 9.12 .365 228 22.00
30 13.12 .525 328 ft
40 16.75 .67 419 22.50
50 20.62 .825 515 f t
60 23.37 .935 584 23.00
70 26.12 1.045 653 ft
80 31.12 1.245 778 23.25
90 36.12 1.445 903 23.50
100 39.68 1.587 992 23.75
110 43.25 1.75 1081 24.00
117.5 46.38 1.855 1159 24.25
Time
Minutes. Volts. Resist. Watts. Temp.
0 46.38 1.855 1159 24
10 43.25 1.73 1081 26
20 40.62 1.625 1015 28
30 39.38 1.576 984 31
40 38.00 1.52 950 34
50 57.05 1.482 926 36
60 36.65 1.456 916 37
*
(Sp. Or. 1.10
SALT SOLUTION. 
Cur. Pen. .121. Ain. per. sq. C. M
Dis. between
Plates C.M.s. Volts. Re s i s_t. Watts. Temp.
3 3.0 .06 150 19° C.
4 4.0 .08 200 I f
5 5.0 .10 250 I f
7 6.5 .13 325 19.5
10 9.0 .18 450 I I
15 12.5 .25 625 20.
HO 16.25 .325 812 21.0
30 24.0 .48 1200 21.5
40 31.24 .625 1562 21.75
50 38.75 .775 1938 22.0
60 46.33 .927 2319 22.5
70 54.0 1.08 2700 23.0
60 60.25 1.205 3012 23.5
90 66.5 1.33 3325 24.0
100 73.5 1.47 3675 24
110 80.5 1.61 4025 24.75
117.5 84.25 1.685 4212 25.0
Time
Minute s. Volts. Resist. Watts. Temp.
0 84.25 1.685 4212 25
10 72.5 1.45 3625 34
20 62.5 1.25 3125 43
30 56.5 1.13 2825 50
40 51.5 1.03 2575 57
* 50 47.5 .95 .2375 63
60 45.0 .9 2250 68
70 42.5 .85 2125 72
SALT SOLUTION
(ip. Gr. 1.15.
List. be tween 
Plates C.M.s .
3
4
5 
7
10
15
20
30
40
50
60
70
80
90
100
116
117.5
Tine
Minutes. 
0
10
20
30
40
50
60
Cur. Len. .0121.
Volts. Resist
1.25 .25
1.31 .262
1.38 .275
1.52 .305
1.8 .36
2.18 .435
2.58 .516
3.38 .676
4.12 .825
4.9 .98
5.75 1.15
6.55 1.31
7.35 1.47
8.12 1.624
8.92 1.784
9.7 1.94
10.38 2.076
Volts. Resist
10.38 2.076
10.37 2.074
10..36 2.074
10.36 2.072
10.36 2.072
10.35 2.07
10.35 2.07
Amp. per. s q .  C.
W a  1 1  s  . T e m p .
6.25 13° C
6 . 5 5
f t
6.9 ft
7.6 11
9.0 ft
10.9 ft
12.9 ft
16.9 ft
20.6 ft
24.5 ft
2 8 . 8
ft
32.8 11
36.8 11
40.6 11
4 4 . 6
11
48.5 11
51.9 11
Watts. T emp.
51.9 13
51.8 13
51.8 13
51.8 13.25
51.8 13.25
51.7 13.50
51.7 13.50
SALT SOLUTION
(Sp. Or. 1.15.
List, between 
Plates _C.JT._s_.
3
4
5 
7
10
15'
20-
30
40
50
60
70
30
90
100
110
117.5
Time
Minutes.
0
10
20
30
40
50
60
Cur. Den. .0242.
Volts. Resist.
1.5 115
1.68 .168
1.85 .185
2.15 .215
2.65 .265
3.4 .34
4.5 .45
5.75 .575
7.32 .732
8.9 .89
10.48 1.048
12.12 1.212
13.75 1.375
15.36 1.536
17.0 1.7
18.6 1.86
19.63 1.962
Volts. Resist.
19.62 1.962
19.42 1.942
19.25 1.925
19. 1.9
18.65 1.865
13.45 1.845
18.15 1.815
Amp. per sq. C. M.)
Watts. Temp.
15. 13.5° 0
16.8 I f
18.5 ft
21.5 f t
26.5 ff
34. ft
45. ft
57. ff
73. ft
89. ft
105. ff
121. f f
137. ff
154. ft
170. ff
186. ft
196. It
ff
Watts. Temp.
196 13.5
194 14.
192 15.
190 16.
186 18.
184 18.5
181 19.
(Sp. Gr. 1.15.
SALT SOLUTION. 
Cur. Den. .0363. Amp. per sq. C. M.)
Dist. between
Plat s C.M.s. Volts. Resist. Wat ts. Temp.
3 1.8 ". 12 ' 27 16° C4 2.05 . .136 30 IT5 2.25 .15 34 IT7 2.72 .181 41 1!10 3.38 .225 51 If15 4.48 .297 67 IT20 5.5 .366 82 IT30 7.85 .523 118 IT40 10.1 .673 132 IT50 12.35 .823 185 IT60 14.40 .960 216 I I70 16.62 1.108 249 I f80 18.95 1.263 284 190 21.25 1.416 319 1100 23.5 1.566 353 1110 25.75 1.716 387 fl117.5 27.38 1.825 411 1
Time
Minutes. Volts. Resist. Watts. Temp.
0 27.38 1.825 411 16.010 26.62 1.775 399 17.520 26.0 1.733 390 18.530 24.85 1.656 373 2QvO40 24.05 1.603 360 21.050 23.4 1.56 351 22.060 22.9 1.526 344 22.5
(Sp. Gr. 1.15.
SALT SOLUTION. 
Cur. Den. .0605. Amp. per sq. C. IT.)
Dist. between
Plates C.M.s. Volts. Resist. Wa 11 s. Temp.
3 2.5 .10 62 18 °C.
4 2.81 .111 70 If5) 3.12 .125 78 f t7 3.75 .15 94 I t10 4.68 .147 117 18.5
15 6.38 .255 159 I f
20 8.12 .325 203 f t30 11.38 .455 . 284 ft
40 14.88 .595 372 ft
50 18.0 .72 450 ft
60 21.18 .847 529 ft70 24.38 .975 609 ft
00 27.75 1.11 693 19
90 31.12 1.245 778 I f
100 34.12 1.365 853 ft
110 37.12 1.485 928 ft
117.5 39.62 1.585 991 ft
Time
Minutes. Volts. Resist. Watts. Temp., —— . '—-- “
0 39.62 1.585 991 19
10 37.25 1.49 931 21
20 35.38 1.415 884 2230 32.12 1.249 803 25.5
40 31.0 1.24 7 75 26.550 30.25 1.21 756 28.
60 29.75 1.19 744 29.5
SALT SOLUTION.
(Sp. Gr. 1.15. Cur. Len. .121 . Ann. per sq. 0. M.)
List, between
Plates C. M.5. Volts. Resist. Watts. Temp.
3 3.75 .075 188 15eC
4 4/5 .09 225 fl
5 5.12 .098 256 fl
7 6.37 .127 318 15.5
10 8.62 .172 431 fl
15 11.75 .235 587 If
20 15.38 .307 769 15.75
30 21.88 .437 1094 16.00
40 28.75 .575 143 B 16.75
50 35.0 .7 1750 17.25
60 41.38 .828 2069 17175
70 47.75 .955 2387 18.06
80 54.18 1.083 2709 18.25
90 60.62 1.212 3031 18.50
100 67.00 1.34 3350 18.75
110 73.38 1.467 3669 19.
117.5 78.00 1.56 3900
Time
Minutes. Volts. Resist. Watts. •Temp.
0 78. 1.56 3900 19
10 63.75 1.275 3187 28
20 55.25 1.105 2762 37
30 49.38 .987 2469 44
40 45. .9 2250 50
50 43.12 .862 2156 54
60 41.25 .825 2062 57
65 39.75 .795 1987 60
SALT SOLUTION.
(Sp. Gr. 1.2. Cur. Den. .0121. Amp. per so. C. M.)
List. between
Plates C.M.s. Volts.
5 1.25
4 1.33
5 1.38
7 1.4
10 1.68
15 2.0
20 2.31
30 2.88
40 3.45
50 4.08
60 4.68
70 5.28
80 5.88
90 6.48
100 7.05
110 7.62
117.5 8.00
Time
Minutes. Volts.
0 8 . 0
10 8 . 0
20 8 . 0
30 7.92
40 7.88
50 7.75
60 7.75
Resist. Watts. Temp.
.25 6.3 16.5°C.
.266 6.6 ft
.276 6.9 ft
.28 7.0 f t
.336 8.4 ft
.40 10.0 ft
.462 11.6 f t
.576 14.4 f»
.690 17.3 ft
. 8 1 6 20.4 T
.936 23.4 ft
1.056 26.4 ft
1.176 .29.4 «•
1.296 32.4 ft
1.41 35.3 ft
1.524 38.1 f t
1 . 6 40.0 ft
\
Resist. Watts. Temp.
1.6 40 16.5 C.
1.6 40 16.5
1.6 40 16.5
1.584 39.6 16.75
1.576 39.4 16.75
1.55 38.8 17.0
1.55 38.8 17.0
SALT SOLUTION.4
(Sp. Gr. 1.2. Cur. Pen. .0248. Amp. per sq. C. M.)
Dist. betv/een
Plates C.M.s. Volts. Resist. Watts. Temp.
3 1.5 .15 15. 19°C.
4 1.63 .163 16.3 ft
5 1.75 .175 17.5 tl
7 2.0 . 200 20.0 FI
10 2.38 . 238 23.8 ft
15 2.92 .292 29.2 ft
20 3 v 5 . 35 35.0 t!
30 .4-. 55 .455 45.5 ft
40 5.75 .575 57.5 t
50 6.88 .688! 68.8 ft
60 7.92 .792 79.2 tl
70 9.13 .913 91.3 t
80 10.18 1.018 101.8
90 1 1 .3 3 ; 1.133 113.3
100 12.5 1.25 125.0 ft
110 13.55 1.355. 135.5 H
117.5 14.38 1.438 143.8 T!
Time \
Minutes. Volts. Resist. Watts. Temp.
0 14.38 1.438 143.8 19
10 14.37 1.437 145.7 19
20 14.25 1.425 142.5 19.25
30 14.20 1.420 142.0 19.50
40 14.12 1.412 141.2 19.75
50 14.10 1.410 141.0 19.75
60 14.0 1.400 140.0 20.0
SALT SOLUTION.
(Sp. Gr. 1.2. Cur. Len. .0363. Amp. per sq. C. ]
List, between
Plates C.Mvs. Volts. Resist. Watts. Temp.
3 1.62 .108 24.4 20°C
4 1.8 .12 27.0 I f
5 2.0 .1333 30.0 ft
7 2.38 .158 35.5 t !
10 2.75 .183 44.2 f!
15 i 3.6 o .242 54.4 I t
20 4.45 .296 66.8 ?!
30 6.12 .408 91.8 ft
40 7.87 .525 118.0 I I
50 9.57 .638 143.6 I !
60 11.32 .755 169.8 I f
70 13.07 .872 196.0 ff
80 14.67 .978 221.0 ft
90 16.3 1.086 245.0
100 17.9 1.186 269.0 t?
110 19.5 1.3 293.0 I f
117.5 20.72 1.381 311.0 ft
Tims
Minutes. Volts. Re s'i s t. Watts. Temp.
0 20.72 1.381 311 20.0
10 20.35 1.356 305 20.25
20 19.8 1.32 297 20.75
30 19.41 1.294 291 21.0
40 19.0 1.266 285 21.25
50 18.84 1.256 282 21.5
60 18.75 1.25 281 21.5
SALT SOLUTION.
(Sp. Gr. 1.2. o tJ CD 3 .0605. Amp .  per sq. C. M.)
List. between 
Plates C.M.s. Volts. Resist. Watts. Temp.
3 2.0 .08 50 17.5°C.
4 3.0 .12 75 f f
5 3.5 .14 87 f f t
7 4.0 .16 100 ft
10 5.0 .20 125 ft
15 6.5 . *26 162 ft
P.0 8.0 .32 200
30 11.0 .44 275 ft
40 14.0 .56 350 ft
50 17.0 . 68 425 I t
60 19.8 .79 495 18
70 o  o  ofa (• m f 4 .89 555 ft
80 24.5 . 98 612 ft
90 27.2 1.09 680 tf
100 29.6 1.18 740 ft
110 32.5 1.3 812 ft
117.5 34.3 1.37 858 tf
Time
Minutes. Volts. Re s i s t. Watts. Temp.
0 34.3 1.37 858 18.
10 34.0 1.36 850 20
20 33.5 1.34 837 o o( J * J
30 33.0 1.32 825 23.5
40 31.8 1.27 795 25.
50 30.0 1.2 750 26.
60 29.4 1.18 735 27.
-39-
SALT SOLUTION
(Sp • Gr. 1.2. Cur. Len. . 121. Amp. per sq. C. M.
List, between
Plates C.M.s. Volts. Resist. Watts. Temp.
3 3.78 .075 187 13°C.
4 4.37- .087 218 ft
5 5.12 .103 256 ft
7 6.5 . 13 325 13.5
10 8.5 • .17 425 13.75
15 11.88 .238 594 ft
20 15.26 .305 763 14.0
50 21.87 .44 1093 ?!
40 28.25 . 565 1412 ft
50 54.5 .69 1725 14.25
60 40.75 .815 2038 14.50
70 46.63 . 933 2332 ft
80 51.25 1.025 2562 ft
90 56.5 1.13 2825 f!
100 61.88 1.237 5094 14.75
110 65.62 1.515 3281 rt
117.5 68.25 1.365 5412 15 .
Time
Minutes. Volts. R e s i s t . Wei o t S • T e m p .
0 68.25 1.365 3412 15.
10 6 6.25 1.325 3312 20.
20 61.25 1.225 3062 2 6 .
30 55.0 1.1 2750 32.
40 48.13 .963 2406 38.
50 43.75 .875 2187 46 .
60 40.62 .813 2031 53.
70 37.5 .75 1875 57.
75 36.25 .725 1812 59 .
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COPPER SULPHATE SOLUTION.
(Sp. Gr. 1.05. Cur. Den. .0121. 1 ►d CD s q. c . :
List, between
Plates C.M.s. Volts. Res i s t. Watts.. Temp.
3 2.275 .455 11.3 17°C
4 3.125 .625 15.6 ft
5 3.75 .75 18.7
7 5.2 1.04 26. T!
10 7.38 1.48 36.9 tt
15 11.25 2.25 56. It
20 16. 3.2 80. tf
30 23. 4.6 115. ft
40 30 . 5 . 150 It
50 36.5 7.3 182. If
60 43.25 8.6 216. It
70 50 . 10. 250. If
80 57. 11.4 285. It
90 64. 12.6 320. It
100 70.5 14.1 352. It
110 77. 15.4 385 It
117.5 82.25 16.45 411. 1
'Time
Minutes. Volts. Resist. Watts. Temp.
0 82.25 16.45 411 17
10 81.25 16.25 406 19
20 81.00 16.2 405 19
30 80.50 16.1 402 20
40 80.25 16.05 401 21
50 80. 16. 400 21.5
60 79.50 15.9 396 22.
-41-
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COPPER SULPHATE SOLUTION.
(sp. Or. 1.05. Cur. Len
List, between 
Plates C.M.s. Volts.
3 4.15
4 5.45
5 6.5
7 8.9
10 11.05
15 18.
20 25
30 38.
40 53.
50 68.
60 79.
70 90.
GO 103.
90 116.5
100 126.
110 136. .
117.5 142.
T ime
Minutes. Volts.
0 142.
10 134.
20 128.5
30 122.
40 117.
50 114.5
60 112.
.0242. Amp. per sq. C. ;.)
Resist. Watt s. Tamp.
.415 41.5 19.° C
.545 54.5 19.25
.65 65 19.50
.89 89 I f
1.105 110. ft
1.8 180 20.
2.5 250 I f
3.8 380 I I
5.3 530 21.50
6.8 680 I I
7.9 790 I I
9.0 900 I I
10.3 1030 22.
11.65 1165 1!
12.6 1260 tl
13.6 1360 I I
14.2 1420. I I
Re s i s t. Watts. Temp.
14.2 1426 22
13.4 1346 25
12.85 1285 28
18.2 1220 30
11.7 1170 34
11.45 1145 36
11.2 1120 37.5
COPPER SULPHATE SOLUTION.
(Sp. Or. 1.05. Cub. Len. . 0363. Ainp. per s q. C . ’
List, between
Plates C.M.s. Volts. v. Resist. Watts. Temp.
3 7.5 .5 112 19°C
4 10. .666 150 i t
5 12.12 .808 182 t i
7 16.62 1.108 250 20
10 21.12 1.408 317 20.5
15 26. 1.733 390 21.
20 41.25 2.75 619 Tf
30 57.5 3.83 852 I t
40 75. 5. 1125 21.5
50 92.75 6.18 1391 I f
60 110.12 7.34 1652 I t
70 127.5 8.5 1912 22
80 145. 9.66 2175 I I
90 163. 10.86 2445 I I
100 180.12 12.08 2742 22.2
110 197.35 13.153 2960 I I
117.5 210.1 14.067 3152 22.5
Time
Minutes. Volts. Resist. Watts. Temp.
0 210.1 14.067 3152 22.5
10 201. 13.4 3015 27.
20 191. 12.75 2865 33.
30 ISO. 12.00 2700 39.
40 172. 11.48 2580 43.
50 165. 11. 2475 47.
60 160. 10.66 2400 50.
COPPER SULPHATE SOLUTION
(Sp. Or. 1.10. Our. Den. .0121. Amp. per s q. C . M
List, between
Plates C.M.s. Volts Resist. Watts. Temp.
3 1.375 .275 6.87 19°C.
4 1.8 .36 9. ft
5 2 .18 . 435 10.9 I f
7 2.92 .584 14.6 ft
10 4.12 . 824 20.6 fl
15 6.18 1.236 30.9 It
20 8.85 1.77. 44.2 T!
30 12.3 2.46 61.5 fl
40 17. 3.4 85. f!
50 21.5 4.3 107.5 tl
60 25.75 5.15 128.7 ft
70 29. 5.8 145. ft
80 33.5 6.7 167.5 ft
90 38. 7.6 190. ft
100 42. 8.4 210. r»
110 46. 9.2 230.
117.5 48.5 9.7 242.5 f t
Time
Minutes. Volts. Resist. Watts. Temp.
0 48.5 9.7 242.5 19.
10 48.5 9.7 242.5 19.25
20 48.5 9.7 242.5 19.50
30 48.4 9.68 242. 19.75
40 48.4 9.68 242. 20.
50 48.3 9.66 241.5 20.25
60 48.3 9.66 241.5 20.25
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COPPER SULPHATE SOLUTION.
(Sp. Gr. 1.10. Cur. Den. .0242. Amp. per sq. C. .)
List, betv/een 
Plates C.M.s. Volts. Resist. Watts. Temp .
3 2.75 .275 27.5 25° C
4 3.62 .362 36.2 f t
5 4.38 .438 43.8 1!
7 5.75 .575 57.5 I f
10 8.00 .800 80. I I
15 11.25 1.125 112.5 I I
20 15.00 1.5 150. ft
30 21.62 2.162 216.2 t l
40 28.12 2.812 281.2 I t
50 33.38 3.338 333.8 t l
60 39.00 3.9 390. I f
70 44.62 4.462 446.2 I I
80 51.85 5.185 518.5 ft
90 59.12 5.912 591.2 H i
100 66.43 6.643 664.3 t l
110 73.75 7.375 737.5 t l
117.5 80. 8.00 800. t l
T ime. 
Minutes. Volts. Resist. Watts. Temp.
0 86 . 8. 800 25.
10 76. 7.6 760 25.
20 72.5 7.25 725 28.5
30 70.5 7.05 705 30.
40 69. 6.9 690 31.
50 68. 6.8 680 ’ 32.
60 67.5 6.75 675 32.5
-45-
COPPER SULPHATE SOLUTION.
(Sp. Gr. 1.10. Cur. Lej
List, between
Plates C.L.s. Volts.
3 1.94
4 3.5
5 5.
7 8.38
10 10.
15 13.75
20 16.
30 23.75
40 32.12
50 39.38
60 47.06
70 54.75
80 64.35
90 73.
100 82.25
110 90.25
117.5 95.
Time .
Minutes. Volts
0 95
10 88
20 85
30 83
40 81
50 80
60 79
.0365. Amp. per sq. C. M.
R e s i s t . W a t  t  s . Temp
.13 2 9 31°
. 233 53 I I
. 3 3 3 75 I I
.559 125 f t
. 6 6 6 150 31.
.916 206 I t
1.066 240 H
1.583 356 I I
2.141 4 8 2 I I
2.625 5 8 5 I I
3.137 ■ 705 32
3.65 8 2 1 I I
4.29 965 I I
4.866 1095 I I
5.483 1234 I I
6.013 1 3 5 4 I t
6 . 3 3 3 1424 1!
Resist. Watts. Temp
6.33 1424 32
5.86 1319 35
5.66 1274 40
5.533 1244 43
5.4 1214 45
5.333 1199 46
5.266 1184 47
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SODIUM CARBONATE SOLUTION.
Cur. Den. .0121. Aran, per sq. C. M.)
Dist. between
Plates C.M.s. Volts. Resist. Watts. Temp.
'3 3.25 .65 16.3 16°C
4 3.55 .71 17.8 It
5.) 3.85 .77 19.3
7 4.42 .884 23.1 It
10 5.35 1.07 26.8
15 6.88 1.376 34.4 t
20 8.42 1.684 42.1 n
30 11.38 2.276 56.9 n
40 15.2 3.04 76. 11
50 19.0 3.80 95. it
60 22.0 4.4 1.10. 11
70 25.0 5.0 125. it
80 27.5 5.5 137.5 it
90 30. 6. 150.0 it
100 32.75 6.55 163.8 ft
110 35. 7.0 175. t
117.5 38. 7.6 190 . rt
Time.
Minutes. Volts. Resist. Watts. Temp.
0 38 7.6 190., 16
10 38. 7.6 190 16
20 38 7.6 190 16
30 37.75 7.55 188.8 16.25
40 37.75 7.55 188^8 t
50 37.65 7.53 188.2 If
60 37.65 7.53 188.2 t
SODIUM CARBONATE SOLUT ION.
(Sp. Gr. 1.05. Cur. Den. .0242. Amp. per sq. C . M.)
Dist. between
Plates C.M.s. Vojts. Resist. Watts. Temp.
3 4.375 .4375 43.75 16.5 °C
4 5.05 .505 50.5 ?l
5 5.7 .57 57. tl
7 6.88 .688 68.8 I
10 8.75 .875 87.5 17.
15 11.63 1.163 116.3 If
20 14.5 1.45 145. I
30 22. 2.2 2 20 . t!
40 29. 2.9 290 . It
50 36. 3.6 360. 17.5
60 40.5 4.05 405. I
70 45. 4.5 450. I
80 51. 5.1 510 . I
90 57. 5.7 5 70. I
100 62.5 6.25 625. I
110 68. 6.8 680. I
117.5 71.5 7.15 715. I
T ime
Minutes. Volts. Resist. Watts. Temp.
0 71.5 7.15 715 17.5
10 70. 7. 700 19
20 67. 6.7 6 70 21
30 64.5 6.45 645 22.5
40 62.5 6.25 625 23.5
50 61. 6.1 610 24.25
60
#
60.25 6.025 602.5 25.
SODIUM CARBONATE SOLUTION.
(Sp. Gr. 1.05. Cur. Den. .0363 . Amp. per s q. C. M
Dist. between
Plates C.M.-. Volts. Resist. Watts. Temp.
3 5.62 .375 85. to o 0 o 
•
4 6.62 .441 100. 1
5 7.5 .5 112.5 20.5
7 9.25 .616 138.8 I
10 11.88 .792 178. I t
15 16.25 1.083 243.8 21.
20 20.62 1.374 310. 21.25
30 26.88 1.792 403.2 ?!
40 36.44 2.43 546.6 21.5
50 46. 3.066 690. 22.
60 54.25 3.616 814. 22.5
70 62.5 4.166 938.' 23.
80 71.25 4.75 1069 23.5
90 80. 5.333 1200 23.75
100 86. 5.733 1290 I
110 91. 6.066 1365 24.
117.5 100. 6.666 1500 . 24.
Time
Minutes. Volts. Resist. Watts. Temp.
0 100 6.666 1500 24
10 95 6.333 1425 26
20 88 5.866 1320 30
30 83 5.533 1245 33
40 78 5.2 1170 36
50 74 4.933 mo 38
60 72 4.8 1080 39
SODIUM CARBONAT' F SOLUTION.
(Sp. Or. 1.05 Cur. Den. .0605. Amp. per sq. 0. V . )
Dist. between
Plates C.M.s. Volts. Resist. Wa11 s . Temp.*——— ‘ ^
3 12.39 .494 30 9.8 2 0 ° e .
4 14.07 .563 352 tf
5 15.75 .63 394. 20.5
7 19.12 .765 478. 20.75
10 24.38 .972 609. 21.00
15 30.88 1 .235 772. 21.5
20 36.75 1.47 919. 22.0
30 54.38 2.175 1359. ft
40 67.19 2.523 1679 . o o R (j • o
50 80. 3.2 2000. ft
60 91. 3.62 2275. 23.00
70 102. 4.08 2550 . !»
80 ' 115. 4.6 2875 . 23.5
90 128. 5.12 3200 . 24.0
100 140 5.6 3500. 2 *4: • 0
110 151. 6.004 3775. ft
117.5 158.5 6.34 3962. 25.
Time
Minutes. Volts. Resist. Watts. Temp.
0 158.5 6.34 3962 25
10 148. 5.92 3700 33
20 136. 5.44 3400 40
30 125. 5.00 3125 46,,
40 118. 4.72 2950 51
50 112. 4.48 2800 55
60 108. 4.32 2700 58
- 5 0 -
SODIUM CARBONATE SOLUTION.
(Sp. Or. 1.095. Our. Len. .0121. Amp. per sq. C. M
List, between
Plates C.M.s. Volts. Resist. Watts. Temp.
3 3,5 .7 17.5 o0OH
4 3.75 .75 18.8 fi
5 4.25 .85 21.3 1!
7 4.75 .95 23.8 (1
10 5.5 1.1 27.5 I !
15 6.81 1.36 34.0 I f
20 8.12 1.62 40.6
30 * 10.62 2.12 53.0 I f
40 13.38 2.67 66.9 I f
50 16.12 3.22 80.6 I f
60 18.62 a .  72 93.1 I f
70 21.12 4.22 105.6 I f
80 23.68 4.73 118.4 I f
90 26.25 5.25 131.2 I f
100 28.75 5.75 143.8 I f
110 31.25 6.25 156.2 I I
117.5 33. 6.6 165.0
Time 
linute s. Volts. Resist. Watts. Temp.
0 33. 6.6 165. 10.
10 32.81 6.56 164. 10.
20 32.25 6.45 161.2 10.25
30 31.9 6.38 159.5 10.50
40 31.75 6.35 158.8 11.00
50 31.62 6.32 158.1 11.00
60 31.5 6.30 157.5 11.25
S O D I U M  C A R B O N A T E  S O L U T I O N .
( S p .  O r .  1 . 0 9 5 .  C u r .  D e n
D i e .  b e t w e e n
P l a t e s  C .  M . s .  V o l t s .
3  4 . 3 8
4  4 . 8 8
5  5 . 3 8
7  6 . 3 8
1 0  7 . 8 8
1 5  1 0 . 3 8
2 0  1 2 . 8 1
3 0  1 7 . 7 5
4 0  2 2 . 6 2
5 0  2 7 . 5
6 0  3 2 . 3 8
7 0  3 7 . 2 5
8 0  4 1 . 2 5
9 0  4 5 . 1 2
1 0 0  5 0 . 7 5
1 1 0  5 5 . 7 5
1 1 7 . 5  5 9 . 5
T i m e
M i n u t e s .  V o l t s .
0  5 9 . 5
1 0  5 6 . 6 2
2 0  5 4 .
3 0  5 2 .
4 0  5 0 . 2 5
5 0  4 9 . 3 8
6 0  4 8 . 7 5
. 0 2 4 2 . A m p .  p e r S  q .  C  .  M
R e s i s t . W a t t s . T e m p .
. 4 3 8 4 3 . 8
o0I—
1
. 4 8 8 4 8 . 8
I f
. 5 4 5 3 . 8
ft
. 6 4 6 3 . 8
I I
. 7 9 7 8 . 8
11
1 . 0 4 1 0 3 . 8
I I
1 . 2 8 1 2 8 . 1
I I
1 . 7 8 1 7 7 . 5
11
2 . 2 6 2 2 6 . 2
I I
2 . 7 5 2 7 5 .
I I
3 . 2 4 3 2 3 . 8
fl
3 . 7 3 3 7 2 . 5
I I
4 . 1 2 4 1 2 . 5
I I
4 . 5 1 4 5 1 . 5
It
5 . 0 8 5 0 7 . 5
I I
5 . 5 7 5 5 7 . 5
It
5 . 9 5 5 9 5 .
I I
R e s i s t . W a t t s . T e m p .
5 . 9 5 5 9 5 . 1 1 . 5
5 . 6 6 5 6 6 . 1 3 .
5 . 4 5 4 0 . 1 5 .
5 . 2 5 2 0 . 1 6 . 2 5
5 . 0 2 5 0 2 . 5 1 7 . 2 5
4 . 9 4 4 9 3 . 8 1 8 .
4 . 8 8 4 8 7 . 5 1 8 . 5 0
(Sp. Gr. 1.095
SODIUM CARBONATE SOLUTION.
Cur. Den. .0363. Amp. per s q. C . M . )
Dist. between
Plates C.M.s. Volts. Resist. Watts. Temp.
r yo 5. .333 75. 17° C.
4 5.5 .366 82.5 ft
5 6.12 .408 92. ft
7 7.25 .483 109. 17.5
10 9.38 .623 140.7 ft
15 12.30 . 823 185.7 I t
20 15.38 1.023 230.7 ft
50 21. 1.4 358. 18.00
40 27.25 1.816 409. I t
50 33.12 2.208 497. ft
60 39.31 2.621 5 90 . I f
70 45.5 3.033 683. 18.25
00 51.5 3.433 772. n
90 57.5 3.833 862. »t
100 63.12 4.208 947. i t
110 68.75 4.383 1031. 18.5
117.5 71.08 4.792 1078. i t
Time
Minutes. Volts. Resi s t. Watts . Temp.
* '
0 71.08 4.792 1078. 18.5
10 69. 4.6 1035 21.5
20 65.62 4.375 984. 23.5
30 61.5 4.1 923 26.
40 58.25 3.89 874 28.
50 56. 3.733 840 29.5
60 54.5 3 .633 810 30.5
SCDDIUM CARBONATE SOLUTION.
(Sp. Or. 1.095. Cur. Den. .0605. Amp. per s q. C . M
List, between 
Plates C.M.s. Volts. Resist. Watts. Temp.
3 5.75 .23 143.8 to 0 o
4 6.62 . 265 165.5 ft
5 7.38 .295 184.5 fl
7 9.25 .37 231.2 24.5
10 11.75 .47 294. t»
15 15.88 .635 397. f
20 20. .8 500. 25.
30 28.5 1.14 712. ft
40 36.88 1.475 922. t
50 45.12 1.85 1128. 25.5
60 53.62 2.145 1341.
70 62. 2.48 1550 . f!
80 71. 2.84 1775. 26.
90 80. 3.2 2000. ft
100 88. 3.52. 2200. n
110 96. 3.82 2400. t
117.5 102. 4.08 2550. t
Time
Minutes. Volts. Resist. Watts. Temp.
0 102. 4.08 2550 26
10 89. 3.56 2225 32
20 80 3.2 2000 38
30 72 2.88 1800 43
40 65 2.66 1625 46
50 60 2.4 1500 48
60 53 2.32 1450 49
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Table showing Variations of Sp. Resist, with Current
Density.
SALT SOLUTIONS.
Sp. Or. Cur. Den. Sp. Resist
1.05 .0121 14.042T» .0242 13.009ft .0365 12.803f» .0605 12.142ft .121 9.995
1.10 .0121 7.847ft .0242 7.558f .0363 7.525ft .0605 7.062ft .121 6.36
1.15 .0121 6.61It .0242 6.257
I I .0363 5.823ft .0605 5.385ft .121 5.369
1.20 .0121 5.617ft .0242 4.915f .0363 4.873
I t .0605 4 .715
I t .121 4.658
Table showing Variation of Sp. Resist with Current
Density.
COPPER SULPHATE SOLUTIONS.
Sp. Gr. Cur. Den. Sp. Resist
1.05 '.0121 56.39
" .0242 51.67
" .0363 50.69
1.10 .0121 34.025
» .0242 31.756
" .0363 28.577
SODIUM CARBONATE SOLUTIONS.
Sp. jSr. Cur. Den. Sp. Resist
.05 .0121 25.308ft .0242 24.213ft .0363 21.09ft .0605 19.684
t |_\ o .0121 18.385t .0242 16.802ft .0363 16.41ft .0605 15.91
Comparative Table of Specific Resist, of Various 
Solutions at Various Densites.
SALT SOLUTION.
Sp. Gr. Sp. Resist,
1.025 
1.05 
1.075 
1.10 
1.125 
1.15 
1.175 
1.20
17.58 
12.805 
9.482 
7.525 
6.4 
5.823 
5.32 
4.873
COPPER SULPHATE SOLUTION.
Sp . Or. S p . Resist
1.025
1.05
1.075
1.10
1.125
75.73
50.69
40.16
28.577
t~ \ 0 • 3 (j
CARBONATE SULPHATE SOLUTION.
Sp. Or. Sp. R.esist
1.025
1.05
1.075
1.10
32.66 
21.09 
18.02 
16 .41
Tables showing Effects of Varying Area of Plates, 
SODIUM CARBONATE SOLUTION.
Sp. Or. 1.05
x Plates. Amp. Volts. Resist
39 10 30 3.
33 f f 34 3.4
27 ft 41 4.1
21 ff 46.5 4.65
15 ft 50 5 .
9 f f 55 5.5
6 f f 58.5 5 .85
3 ff 64 6.4
39 20 34 1.7
33 ff 4* 2.1
27 I f 51 2.55
21 ff 58 2.9
15 ff 65. 3.25
9 f 72 3.6
6 ft 76 3.8
3 f 82 4.2
39 30 5 2. 1.73
33 ft 58. 1.93
27 f ! 63.5 O TO
21 ft 68. 2.26
15 ff 74. 2.46
9 ff 80. 2.66
6 ft 85. 2.83
3 f l 90. 3.
tf
Tables showing Effects of Varying Area of Plates.
SALT SOLUTION.
Sp. Gr. 1.025.
Area Plates. Amp. Volts. Resist.
39 10 19.5 1.95
36 ?! 20. 2.0
25 ?! 20.5 2.05
15 f! 21.25 2 .125
8.25 f! 23.12 2.312
4.5 !l 25.5 2.55
«5 • M 27.0 2.7
1.5 ?! 28.25 2 .825
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Alternating Current Tests.
SODIUM CARBONATE SOLUTION.
Sp. Gr. 1.095. Cur. Den. .0284.
Alt. Cur. Dir. Cur •
Dist. between
Plates C.M . s. Volts. Resist. Volts. Resist.
r yo 3.0 .15 3.25 .162
10 5.5 .275 5.6 .28
20 13.5 .675 13.5 .675
30 20.25 1.012 20. 1.00
40 26.6 1.33 26.5 1.325
50 33. 1.65 33.25 1.662
60 39.75 1.987 39.5 1.975
70 46.25 2.312 46. 2.3
80 52.62 2.631 52.5 2.625
90 59. 2.95 59. 2.95
100 64. 3.2 63.88 3.194
110 71.25 3.562 71. 35.5
117.5 76.5 3.825 77. 38.5
Time
Minutes. Volts. Resist. Temp.
0 76.5 3.825 24°C.
10 75. 3.75 26
20 73.5 3.675 28
30- 72. 3.6 30
40 70.75 3.537 31.5
50 69.5 3.475 33.
60 68.5 3.425 34.
Alternating Current Tests 
SODIUM CARBONATE SOLUTION.
Sp. dr. 1.095
Alt. Cur
List, between
Plates C.M.s. Volts.
3 1.5
10 5 .
20 7.5
30 11.25
40 15.
50 18.75
60 22.
70 26.
80 29.5
90 33.
100 36.5
110 40.
117.5 42.75
Time
Minutes. Volts.
0 42.75
10 42.0
20 41.25
30 40.5
40 39.8
50 39.4
60 39.
70 38.7
Cur. Den. .0242. 
Dir. Cur.
Resist. Volts. Resist
.15 1.6 .16
.3 3 .12 .312
.75 7.6 .76
1.125 11.38 1.138
1.5 15. 1.5
1.875 19. 1.875
2.2 22.12 2.212
2.6 26. 2 .6
2.95 29.38 2.938
3.3 33. 3.3
3.65 36.25 3.625
4.0 39.68 3.988
4.275 42.5 4.25.
Resist. Temp.
4.275 20 °C-
4.2 21
4.125 O o(*» tj
4.05 23
3.98 24
3.94 24.5
3.87 25
25.5
Alternating Current Tests.
.
SALT SOLUTION.
Sp. Grr. 1.05 . Cur. Pen. .0605.
Alt. Cur. Pir. Cur.
Pist. between
Plates C.M.s. Volts. Resist. Volts. Resist.
3 3.5 .14 3.25 .15
5 4.75 .19 4.50 .18
10 8. • o & 7.75 .31
20 13.75 . 55 13.75 .55
30 20. .80 19.75 .79
40 26.75 1.07 26.5 1.05
50 33. 1.32 32.75 1.31
70 45. 1.8 45. 1.8
90 58. 2.32 57.5 2.3
110 70. 2.8 69.8 2.79
117.5 74.5 2.98 74.38 2.97
Time
Minutes. Volts. Resist. Temp.
0 74.5 2.98 25 °C
10 67.75 2.71 29
20 62.53 2.49 33
30 59.75 2.39 36
40 56.38 2.256 33
50 54.75 2.19 39
50 53.60 2.14 40
Alternating Current Tests 
SALT SOLUTION.
Sp. Or. 1.05. Cur. Den. .0242.
Alt. Cur. Dir. Cur.
List, be tween
Plates C.M.s. Volts. Re s i s t . Volts. Resist
3 2.5 .25 2.58 .258
5 3.25 .325 3.2 .32
10 5 . .5 5.2 .52
20 3 .5 .85 8.38 .838
30 11.5 1.15 11.40 1.14
40 15.25 1.525 15.12 1.512
50 18.5 1.85 18.38 1.838
70 25. 2.5 24.5 2.45
30 32. 3.2 31.88 3.188
110 . 38.5 3.85 38.38 3.838
117.5 40.75 4.07 40.62 4.062
Time
Minutes. Volts. Resist. Temp.
0 40.75 4.07 16 °C.
10 40.75 4.07 16
20 40. 4.00 16.5
30 39.5 3.95 17.5
40 38.75 3.87 19.
50 38.70 3.87 19.
60 37.7 3.77 19.
Alternating Current Test.
COPPER SULPHATE SOLUTION.
3p. Gr. 1.10. Cur. Den. .0242.
Alt. Cur. Dir. Cur •
Dint.: between
Plates C.M.s. Volts. Resist. Volts. Resist.
5 3. .3 2.75 .275
10 3.5 .85 8. .8
20 15. 1.5 15 . 1.5
30 22.25 2.22 22. 2.2
40 28.25 2.82 23. 2.8
50 34.5 3.45 34. 3.4
70 47.0 4.7 44.5 4.45
90 60. 6.0 59. 5.9
110 74. 7.4 73.75 7.38
117.5 80. 0.0 80. 8.0
Time
Minutes. Volts. Resist. Temp.
0 80. 8.0 25 °C .
10 76. 7.6 26
20 72.5 7.25 27.5
30 70.5 7.05 29.
40 69. 6.9 30.
50 68. 6.8 30.5
60 67.5 6.75 31.
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Data for Instantaneous Contact Curves.
ACROSS RHEOSTAT.
Angle. E. S. V . Div. V. M . Switch. Acting. True Volts.
.0 72
20 55
40 68
60 90
80 106
100 109
120 112
140 107
160 95
180 76
200 79
220 88
240 112
260 96
280 102
500 110
520 105
540 95
560 98
580 70
400 80
.5 49.5
.5 50.
I t
ft
42.5
tt
.5 I t
I t
.5 tt
.5 72.5
.5 I t
72.
45.
% 42.
# 41.5
.5 I t
.5 IS I I
m 64.
% 62.5
64.
■+-
+
With -SO.5
" -6.
" +18.5
" 40.
" 56.
" 6 6.5
" 69.5
" 65.
" 52.5
" 54.
+ 7. 
-16. 
-40 .
" -55.
" -60.
-68.5
-64.
>' * -52.
" -54.
-' 7.5 
+16.
so jao
flng i/Jar /
W aCoj So/of/on. S/ j.Gk  
« — *» = Currcnf Wave.
........HI ililjtll j||
e c 0 P \/ir/ua / I = 4/.
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Data for Instantanteous Contact Curves.
ACRO SS NON-INDUCTIVE RE SISTANCE.
A n g l e . E. S. V. D i r . V . M . Switch. Acting. True Volts
0 106. 78. W Wi th -28.
20 37.5 77. - T! -10.5
40 86. 77.5 + ft +  8.5
60 105 77.5 t 2  7.5
80 96. 54. t 42.
100 105. 54. t 51.
120 90 54.5 ft 55.5
140 89. 54. ft 55.
160 81.5 34.5 ft 47.
180 67.5 34.5 33.
200 75.5 62.5 ft + 13.
220 70. tt tt - 7.5
240 89.5 Tt - ft -27
260 104. ft tt  7 -41.5
280 93. 41 * - I t -52
300 96. T! 1! -55.
320 93. 40. - 53.
340 84. ft t -44.
360 70. t ' - t -30.
380 71.5 60. t -11.5
4@0( 60 . tt I f f  7.0
